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We report on the single crystal growth and transport properties of a topological
semimetal CaAgBi which crystallizes in the hexagonal ABC−type structure with the non-
centrosymmetric space group P63mc (No. 186). The transverse magnetoresistance measurements
with current in the basal plane of the hexagonal crystal structure reveal a value of about 30 %
for I ‖ [101¯0] direction and about 50 % for I ‖ [12¯10] direction at 10 K in an applied magnetic
field of 14 T. The magnetoresistance shows a cusp-like behavior in the low magnetic field region,
suggesting the presence of weak antilocalization effect for temperatures less than 100 K. The Hall
measurements reveal that predominant charge carriers are p-type exhibiting a linear behavior for
fields up to 14 T and can be explained based on the single band model. The magnetoconductance
of CaAgBi is analysed based on the modified Hikami-Larkin-Nagaoka (HLN) model. Our first-
principles calculations within a density-functional theory framework reveal that CaAgBi supports
a topological Dirac semimetal state with Dirac points located on the rotational axis slightly above
the Fermi level and are protected by C6v point-group symmetry. The Fermi surface consists of both
the electron and hole pockets. However, the size of hole pockets is much larger than electron pockets
suggesting the dominant p-type carriers in accord with our experimental results.
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I. INTRODUCTION
Symmetry-protected non-trivial states in topological
insulators and semimetals have opened a flood gate of
research activities in the condensed matter physics ow-
ing to their interesting physical properties that are use-
ful not only for fundamental research but also for next-
generation electronic/spintronic device applications1–3.
The topological semimetals are mainly classified as
Weyl semimetal, Dirac semimetal, nodal-line semimetal
(NLSM), and unconventional semimetal, like a triply
degenerate nodal semimetal4–17. In a Weyl, Dirac, or
unconventional semimetal, the valence and conduction
bands form discrete two-, four-, and higher-fold degener-
ate crossing points in the Brillouin zone. On the con-
trary, the valence and conduction bands crossings in
NLSM form a line or loop in the momentum space near
Fermi level. The band crossings in a Dirac semimetal
can be regarded as a superposition of two Weyl fermions
of opposite chiral charge in presence of time-reversal
(T ) and inversion (I) symmetry. These band cross-
ings are protected against band hybridization by ad-
ditional crystalline symmetries. Breaking of either T ,
I, or both the symmetries leads to a Weyl semimetal
state where two Weyl fermions of opposite chiral charge
are separated in the momentum space. The topolog-
ical semimetals harbor exotic phenomena such as ex-
tremely large magnetoresistance18,19, quantum oscilla-
tion20, quantum coherence effect21,22, non-linear Hall ef-
fect23, among others24,25.
The NLSMs state has been theoretically predicted in
many class of materials including elemental alkali met-
als where the band crossings form closed Dirac nodal
lines around the Γ point26. However, the experi-
mental evidence of NLSM state has been reported in
Mg3Bi2
27, PbTaSe2
28, ZrSiS29,30, CaAgAs31 materials.
Studies on polycrystalline and single crystals of CaAgAs
have revealed a doughnut-like Fermi surface suggesting
an ideal candidate material for studying the NLSMs.
More recently, it has been predicted that the hexagonal
ABC−type SrHgPb class of materials with polar space
group P63mc (#186) have both the Dirac and Weyl
points in their electronic structure12. It is, therefore,
worthwhile to synthesize and investigate the transport
properties of hexagonal ABC−type topological materials
which can facilitate the discovery of Dirac-Weyl semimet-
als in polar materials12,13.
The spin-momentum locking caused by strong spin-
orbit coupling (SOC) in Dirac-cone states of topological
insulators gives rise to a pi Berry phase which results
in a reduction in backscattering and causes quantum in-
terference32–34. In a weak disorder driven quantum dif-
fusive regime if phase coherence length (Lφ) is much
greater than the mean free path (l), the electrons main-
tain phase coherence even after being elastically scattered
many times so that the time-reversed interference path
causes weak localization (WL) and weak antilocalization
(WAL)33. In the case of WL, the constructive interfer-
ence suppresses the conductivity while in WAL the de-
structive interference enhances the conductivity at low
temperature33,35. Application of a small magnetic field
destroys the interference and a cusp-like positive and neg-
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2ative conductivity appears as a result of WL and WAL.
The WL and WAL effects can be observed dominantly
in the lower-dimensional systems because of the higher
probability of scattering events occurring between two
time-reversed paths resulting in the interference effect.
The WAL effects have also been reported in single crys-
tals of different materials36,37. In this work, we report on
the basal plane anisotropy in the transport properties of
topological semimetal CaAgBi single crystals grown by
the self-flux method and show that it exhibits WAL in
the magnetoconductivity.
II. METHODS
Single crystals of CaAgBi were grown by the self-flux
method. High purity starting elements of Ca (99.8%),
Ag (99.99%) and Bi (99.999%) from M/s. Alfa Aesar
were taken in the molar ratio 1 : 2 : 20 in a high quality
recrystallized alumina crucible. Here the excess Ag was
necessary to obtain single crystals of CaAgBi. The cru-
cible was placed in a quartz ampoule and evacuated to
a vacuum of 10−6 Torr and finally sealed under a partial
pressure of Ar gas. The sealed ampoule was placed in
a box-type resistive heating furnace and heated at the
rate of 50 ◦C/h to 1050 ◦C and held at this tempera-
ture for 24 hrs homogenization. The furnace was then
cooled down to 420 ◦C at the rate of 2 ◦C/h at which
point the excess Bi flux was centrifuged. Several flat
shiny crystals with a typical dimension of 3× 2× 2 mm3
were obtained. The grown crystals were stable in air
for an extended period of time. Powder x-ray and Laue
diffraction experiments were performed to find the phase
purity and to determine the crystallographic orientation.
Clean single crystals were carefully selected and cut them
into thin bar shaped sample to make sure that the resid-
ual bismuth is completely removed from the crystal for
our electrical resistivity measurements. The rectangular
bar-shaped single crystals with a length corresponding
to [101¯0] and [12¯10] directions were cut for the electrical
transport property measurements. The electrical resis-
tivity and Hall effect measurements were measured using
a Quantum Design Physical Property Measurement Sys-
tem (PPMS) equipped with a 14 T magnet.
Electronic structure calculations were performed
within the framework of density functional theory
(DFT)38, using the Vienna ab-initio simulation pack-
age (VASP)39. We used the projector augmented wave
(PAW) method to treat the interaction between the
ion cores and valence electrons and generalized gradient
approximation (GGA) to consider exchange-correlation
effects40,41. The SOC was included self-consistently to
include relativistic effects. A plane wave-cut off energy
of 420 eV was employed and a 9×9×7 Γ-centered k mesh
is used for bulk computations. The topological proper-
ties were calculated by employing a tight-binding model
Hamiltonian using WANNIERTOOLS package42,43. Ag
s and Bi p states were considered to obtain the tight-
binding model via VASP2WANNIER90 interface. The
experimental structural parameters were employed to
calculate electronic properties.
III. RESULTS AND DISCUSSIONS
A. X-ray diffraction
To check the phase purity of the grown CaAgBi single
crystals, we have performed the powder x-ray diffraction
(XRD) analysis by grinding a few pieces of the single
crystals. The XRD measurement was performed using
Cu-Kα source with wavelength λ = 1.5406 A˚. Figure
1(a) shows the powder XRD pattern measured at 300 K.
It is obvious from the XRD pattern that as grown crys-
tals consist of a single phase and the impurity peaks ob-
served at around 27◦ and 55◦ 2θ are due to the trace
amounts of bismuth flux. From the Rietveld analysis,
using the FULLPROF software44,45, of the XRD pat-
tern we confirmed that this compound crystallizes in the
hexagonal crystal structure with non-centrosymmetric
space group P63mc (#186) [see Fig. 1(b) and details be-
low]. The estimated lattice constants a = 4.805 A˚ and
c = 7.828 A˚ match well with the previously published
data46. The Laue diffraction in the back-reflection geom-
etry has been performed on the flat plane of the single
crystal which corresponds to (0001) and is shown in the
inset of Fig. 1(a). Since the grown crystals were very
thin we could not make the current contacts along [0001]
direction. A 50 µm gold wire was used for the four-probe
electrical resistivity and Hall measurements. EPOTEK
H20E silver epoxy was used for making the contacts.
Figure 1(b) illustrates the crystal structure of
CaAgBi in non-centrosymmetric hexagonal space group
P63mc. It forms a stuffed wurtzite lattice where the
buckled Ag and Bi atoms with Wyckoff positions 2b form
the wurtzite lattice whereas the Ca atoms with Wyckoff
position 2a occupy the interstitial sites in the AgBi lat-
tice. The buckling in the Ag and Bi atomic layers pre-
serves the M110 mirror plane Mx (we choose [110] direc-
tion as x) but breaks inversion symmetry. The other im-
portant symmetries include three-fold rotation C3z and
two-fold screw rotation S2z = {C2z|00 12} symmetries.
Additionally, the crystal respects the time-reversal sym-
metry T . The bulk Brillouin zone is shown in Fig. 1(c)
where high-symmetry points are marked.
B. Electrical Resistivity
The zero-field electrical resistivity of CaAgBi measured
along basal plane directions [101¯0] and [12¯10] in the tem-
perature range 2 to 300 K are shown in Fig. 2. The overall
behavior of the resistivity is similar to that of the previ-
ously reported data on a polycrystalline sample47. There
is a very subtle anisotropy in the electrical resistivity. At
300 K the electrical resistivity is 46.2 µΩ cm and 33.6 µΩ
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FIG. 1. (Color online) Powder x-ray diffraction pattern of
crushed single crystals of CaAgBi. Inset shows the Laue
diffraction pattern corresponding to the (0001) plane. (b)
Hexagonal crystal structure of CaAgBi. The buckling of Ag
and Bi is also shown. (c) The corresponding bulk Brillouin
zone. Various high-symmetry points are marked.
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FIG. 2. (Color online) (a) Temperature dependence of electri-
cal resistivity of CaAgBi measured in the ab-plane for current
parallel to [101¯0] and [12¯10] directions, respectively. The
solid lines are the fit to the Bloch-Gruneissen-Mott (BGM)
expression (see text for details).
cm along [101¯0] and [12¯10] directions, respectively. The
resistivity decreases with decreasing temperature owing
to the reduction in the electron-phonon scatterings and
levels off at around 20 K. It becomes temperature inde-
pendent as the temperature is lowered down, as expected
for normal metals without any strong electron correla-
tions. The resistivity follows the Bloch-Gru¨neisen-Mott
(BGM) expression which is given by:
ρ = ρ0 + 4RT
(
T
θR
)4
J5
(
θR
T
)
+KT 3, (1)
where J5(θR/T ) is the Gru¨neisen function. Here the
first term ρ0 is the residual resistivity, the second term
corresponds to electron-phonon scattering, and the fi-
nal T 3 term represents the contribution due to Mott’s
s− d interband electron scattering. A least-square fit to
the electrical resistivity of CaAgBi resulted in the fol-
lowing values: ρ0 = 17.54 µΩcm, R = 0.081 µΩcm/K
and K = 1.81 × 10−7 µΩcm/K3 for J // [101¯0]
and ρ0 = 11.58 µΩcm, R = 0.064 µΩcm/K and K =
1.18 × 10−7 µΩcm/K3 for J // [12¯10]. One of the rea-
sons for the relatively high value of the electrical resistiv-
ity at low temperature might be presence of site-disorder
between Bi and Ag atoms as both of them occupy the
same Wyckoff positions 2b.
C. Magnetoresistance and Hall effect
The magnetic field dependence of magnetoresistance
for current along the two principal directions in the basal
plane and field parallel to the [0001] direction at selected
temperatures are shown in Figs. 3(a) and 3(b). For cur-
rent parallel to [101¯0] and temperatures less than 100 K,
the MR at low fields increases very rapidly with increas-
ing field. For magnetic fields greater than 5 T, it increases
linearly without showing any sign of saturation. The MR
reaches almost 30 % at 14 T as shown in Fig. 3(a). On
the other hand, for current parallel to [12¯10] the MR in-
creases very rapidly as the field is increased remains al-
most flat for temperature less than 50 K for fields higher
than 5 T, and for temperatures greater than 50 K, the
MR increases linearly for fields greater than 5 T. The
MR reaches 50 % at 14 T for current parallel to [12¯10] as
shown in Fig. 3(b). The low value of the magnetore-
sistance compared to other Dirac or Weyl semimetals
like NbP48, Cd3As2
49, or MoSi2
19 is mainly attributed
to the low carrier mobility in CaAgBi, as observed from
Hall data, to be discussed later. A rather sharp cusp-
like behavior is observed in the low-field region of the
MR for temperature less than 100 K in both the princi-
pal directions of the ab-plane. This resembles the weak
antilocalization (WAL) effects which have been typically
observed in 2D-systems50,51 and as well in some of the Bi-
based topological half-Heusler alloy systems34,52,53. The
WAL effects arise when the probability of electron local-
ization gets reduced due to the destructive interference
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FIG. 3. (Color online) (a) Magnetoresistance (MR) of
CaAgBi as a function of magnetic field at selected temper-
atures for I ‖ [101¯0] and B ‖ [0001]. MR is defined as
[(ρ(H) − ρ(0))/ρ(0)] × 100%. (b) MR for I ‖ [12¯10] and
B ‖ [0001] direction.
of the electron wave functions in the two time-reversed
electron paths35,54 and also due to strong SOC effects.
We have analysed the WAL behavior based on the mod-
ified Hikami-Larkin-Nagaoka (HLN) model55. The origi-
nal HLN model comprises of the phase coherence length,
spin-orbit scattering and the elastic scattering terms56.
In the modified HLN model, Assaf et al.55 have shown
that the spin-orbit and the elastic scattering terms can
simply be approximated by a B2 term and the expression
for magnetoconductance ∆G(= G(B)−G(0)) reduces to
∆G(B) = −A
[
ψ
(
~
4e2L2φB
+
1
2
)
− ln
(
~
4eL2φB
)]
+βB2,
(2)
where the prefactor A = (αe2/pih), α is experimentally
found to be 0.5 for a single coherent conductive channel
in a 2D electron systems. ψ is the digamma function
and Lφ is the phase coherence length and β is the co-
efficient of B2 term which represents additional scatter-
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FIG. 4. (Color online) (a) Magnetoconductance plot ∆G vs
magnetic field for current parallel to [101¯0] and [12¯10] and
B ‖ [0001] direction. Solid lines are fits to the HLN model
given in Eq. 2.
ings. From the measured values of magnetoresistance ρxx
and ρxy, we have estimated the conductivity values using
σxx = ρxx/(ρ
2
xx + ρ
2
xy). The plot of magnetoconductance
versus field is shown in Figs. 4(a) and 4(b) for current
along [101¯0] and [12¯10] directions, respectively. The in-
corporation of the second term leads to a good fit of the
HLN model to the ∆G data even up to high magnetic
fields. We have extracted the phase coherence length Lφ
and the α parameter from the fitting cure, the results
are shown in Fig. 5. The value of Lφ is few hundreds of
nm when current is passed along the two principal crys-
tallographic directions in the basal plane. Typically the
phase coherence length in disordered metals is of the or-
der of a few thousands of nm57. However, in this case,
Lφ is relatively smaller due to low mobility as can be
inferred from the Hall data, to be discussed later. It is
obvious from Fig. 5(a) that the phase coherence length
decreases with an increase in temperature. This suggests
that the WAL vanishes at a high temperature which is
also evinced from the flat magnetoconductance curves at
temperatures close to the room temperature. The α pa-
rameter remains almost temperature-independent along
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FIG. 5. (Color online) (a) Temperature dependence of the
phase coherence length Lφ as a function of temperature, ex-
tracted from the HLN model fitting of the magnetoconduc-
tance to Eq. 2. The solid lines are fits to Eq. 3. (b) Temper-
ature variation of the α parameter of Eq. 2.
both the directions thereby suggesting the conducting
channels are not altered to a large extent by the variation
of temperature. The value of α is much larger than that
expected for 2D systems. This indicates the possible con-
tribution from the dominated 3D bulk channels which are
quite often observed in other Bi-based half-Heusler com-
pounds like YPtBi, ScPtBi, HoPdBi etc20,52,53. However,
the obtained value of α is much smaller compared to the
Bi-based half-Heusler systems. We tried to analyse the
phase coherence length Lφ by considering the electron-
electron interaction and the electron-phonon scattering.
The expression for Lφ as a function of temperature is
given by57:
1
L2φ(T )
=
1
L2φ(0)
+AeeT
el +AepT
ph, (3)
where Lφ(0) represents the phase coherence length at
T = 0 K, AeeT
el and AepT
ph represent the electron-
electron and electron-phonon scatterings, respectively.
The solid lines in Fig. 5(a) show the fitting of Eq. 3 to
the temperature dependence of Lφ values. The fit has
resulted in the values of Aee = 3.4675 × 10−8/(nm2K),
Aep = 1.761 × 10−8/(nm K)2 for I ‖ [101¯0] , and Aee
= 8.4739 × 10−8/(nm2K), Aep = 1.0583 × 10−8/(nm
K)2 for I ‖ [12¯10]. The exponents el = 1 and ph = 2
with Lφ = 160 nm and 231 nm, respectively for I par-
allel to [101¯0] and [12¯10]. In the case of three di-
mensional samples, the predominant scattering mecha-
nism is the electron-phonon scattering while the electron-
electron scattering is comparatively weak. However, from
our fitting, we find that AeeT
el is nearly equal to that
AepT
ep (usually, this happens only at very low tempera-
ture say less than 1 K)57.
In Fig 6, we have plotted the magnetoconductance for
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FIG. 6. (Color online) (a)-(b) Magnetoconductance for differ-
ent phase coherence lengths when current is passed along the
two-principal crystallographic directions on the basal plane.
The solid lines are −ln(B) fit as predicted by Chen et al58.
The dashed line shows
√
B fit to one of the Lφ values for
comparison.
different phase coherence lengths (Lφ). Recently, Chen
et al.58 have studied the interplay between the effective
dimensionality of electron diffusion and band topology
in a torus-shaped Fermi surface which encloses a pi Berry
flux inside a nodal loop. Based on the theoretical analy-
sis, they have concluded that weak field magnetoconduc-
tance follows −ln(B) scaling behavior for WAL and √B
for WL. In Fig. 6, we show that the weak field magneto-
conductance follows −ln(B) scaling, suggesting the pos-
sible weak antilocalization in CaAgBi. It should be noted
that although CaAgBi does not possess a torus-shaped
Fermi surface its weak field magnetoconductance still fol-
lows the −ln(B) scaling. For comparison, we have also
shown
√
B dependence of the weak field magnetoconduc-
tance for selected values of Lφ which is not matching with
our experimental data as shown by dashed lines in Fig 6.
The scaling law given by Chen et al.58 obeys the WAL
observed in the non-centrosymmetric CaAgBi system.
However, it remains to be seen if it can explain other
topological systems that do not possess a torus-shaped
Fermi surface.
The field dependence of the Hall resistivity ρxy up to a
field of 14 T at two representative temperatures, namely,
T = 2 and 300 K, with current parallel to the two prin-
cipal basal plane directions is shown in Fig. 7. The Hall
resistivity shows a negative curvature up to 0.4 T and
1.45 T when the current is passed along the [101¯0] and
[12¯10] directions, respectively. Beyond this, the Hall re-
sistivity is positive and increases linearly with increasing
field, suggesting that one type of charge carrier is domi-
nant. The overall behavior of the Hall resistivity remains
almost the same with subtle or almost no change for 2 K
and 300 K measurements. This kind of behaviour has
been experimentally observed in many topological ma-
terials, including with Bi1−xSbx59, ScPtBi53, LuNiBi60.
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FIG. 7. (Color online) (a) Hall resistivity ρxy measured along
the two principal crystallographic directions of the basal plane
at T = 2 and 300 K with the applied magnetic field H parallel
to [0001] direction.
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principal basal plane directions is attributed to the error in the
sample geometry measurements. (b) Temperature variation
of mobility.
We have estimated the Hall mobility µH and the hole car-
rier density n based on the single band model. The slope
of the linear portion of the ρxy data gives the Hall coeffi-
cientRH, and the Hall mobility and the carrier concentra-
tion can be estimated using the relations: µ = RH/ρxx(0)
and n = 1/(eRH). The plot of the mobility and the car-
rier concentration as a function of temperature is shown
in Fig. 8(a) and (b). We find that mobility µH ranges
from 189 to 83 cm2V−1s−1 and 44 to 21 cm2V−1s−1
for current I parallel to [101¯0] and [12¯10], respectively.
These mobility values are much smaller as compared to
the other equiatomic half-Heusler Bi-based compounds.
Furthermore, the mobility shows a negative slope with
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FIG. 9. (Color online). Electronic structure of CaAgBi (a)
without and (b) with spin-orbit coupling (SOC). The contri-
butions of Ag s and Bi pxy and pz orbitals to various bands
are proportional to the sizes of various markers. (c) Close-up
of the bands along the Γ−A direction in (b). DP1, DP2, and
DP3 mark three Dirac cones lying on kz > 0 axis. (d) Fermi
surface of CaAgBi with the electron (red) and hole (blue)
pockets. A large hole pocket lies at Γ whereas the smaller
electron pockets are located near the M point.
temperature variation, suggesting the increase of lattice
scattering as the temperature increases. On the other
hand, the carrier concentration is almost temperature-
independent over the entire temperature range and lies
in the range of 1.8 to 1.0 × 1021 cm−3, which is higher
than the experimentally observed carrier concentration
for CaAgAs31,61. This represents the size and shape of
the Fermi surface remains unchanged in the entire tem-
perature range for CaAgBi. The subtle difference in the
carrier concentration values in the basal plane can only
be attributed to the error in the sample dimension and/or
the voltage probe leads separation.
D. Electronic structure analysis of CaAgBi
The bulk band structure of CaAgBi along the high-
symmetry directions in the bulk Brillouin zone (see Fig.
1(c)) without and with SOC is shown in Figs. 9(a) and
9(b), respectively. It is seen to be a semimetal with both
the electron and hole pockets. Without SOC, the va-
lence and conduction bands dip into each other along
the high-symmetry directions near the Γ point. The
orbital resolved band structure shows that low energy
bands around Fermi level are derived from Ag s and Bi
pxy and pz states. Usually, Ag 5s orbitals have a strong
tendency to transfer electrons to p orbitals of Bi and thus
lie at higher energy than Bi p states. However, this sim-
plistic picture is inverted near Γ point where Ag s derived
7states lie at lower energy than Bi pxy and pz states. This
suggests a crystal-field induced band inversion semimetal
state in CaAgBi. The inclusion of SOC opens a band
gap at the band crossing points along the Γ − M and
Γ − K lines whereas the band crossings stay preserved
along Γ− A direction [see Fig. 9(b)]. Regardless, owing
to the large SOC, the band inversion strength increases
and size of the electron and hole pockets grow larger as
compared to these Fermi pockets without SOC as shown
in Fig. 9(d). More specifically, CaAgBi Fermi surface
consists of a large biconvex-shaped hole pocket at Γ and
smaller oval-shaped electron pockets at M point of the
Brillouin zone. The larger size of the hole pocket suggests
the dominant p type carriers for CaAgBi. These results
are consistent with our measured Hall data which is lin-
ear and positive suggesting holes as the majority carriers
(Fig. 7).
In Fig. 9(c), we characterize the nodal band crossings
along Γ − A direction (kz axis) in the presence of SOC.
The three bands derived from Ag s, Bi pxy, and pz or-
bitals cross at three discrete points labelled as DP1, DP2,
and DP3. The DP1 and DP3 are generated by accidental
band crossings and lie on the rotation axis. On the con-
trary, DP2 is an essential band crossing point which is
mandated by non-symmorphic space group symmetries.
Notably, each band on the kz axis (Γ−A line) is doubly
degenerate due to the anticommutation relation between
S2z and Mx symmetries. Therefore, all three band cross-
ings along Γ − A direction realize four-fold degenerate
Dirac points. Importantly, the Dirac band crossings are
not allowed in the non-centrosymmetric materials due
to broken I symmetry. However, CaAgBi represents a
unique noncentrosymmetric system with Dirac points in
its electronic structure. It is interesting to mention here
that CaAgBi can also support Weyl points but our anal-
ysis suggests that they lie at much higher energies than
the Dirac points. These results are in agreement with
earlier theoretical results on ABC-type noncentrosym-
metric hexagonal materials12,13.
IV. SUMMARY
We have successfully grown the single crystal of the
non-centrosymmetric CaAgBi and studied its transport
properties along the two principal crystallographic di-
rections in the basal plane. Although the magnetore-
sistance is not high, it exhibits 2D WAL effect despite
3D nature of the material. It is well documented in
the literature that WAL is a quantum interference pro-
cess which either gets added to or subtracted to from
the probability that a charge will return to its initial
point. The sign of the quantum correction to the return
probability decides WL or WAL. The negative magne-
toconductance observed in CaAgBi confirms the WAL
in this compound. We show that magnetoconductance
can be explained by the modified HLN model. The sec-
ond term comprising the B2 enables to fit the magne-
toconductance data to high magnetic fields. From the
analysis of the phase coherence length, we find that the
electron-electron scattering is nearly equal to that the
electron-phonon scattering which is usually observed at
sub-Kelvin temperature range. The weak field magne-
toconductance follows the −ln(B) scaling behavior, as
predicted by Chen et al.58 although there is no nodal
loop near the Fermi level. Our first-principles calcula-
tions show that CaAgBi is a band inversion semimetal
with large hole pockets at the Fermi level in agreement
with the experimental results. Our results thus suggest
that CaAgBi can provide an ideal material platform to
explore novel physics related to topological semimetals.
V. ACKNOWLEDGEMENT
We thank Vikram Tripathi, department of theoretical
physics, TIFR for useful discussions. This work was sup-
ported by the Department of Atomic Energy, Govt. of
India.
1 A. Bansil, H. Lin, and T. Das, Rev. Mod. Phys.
88, 021004 (2016), URL https://link.aps.org/doi/10.
1103/RevModPhys.88.021004.
2 A. A. Burkov, Nature Materials 15, 1145 EP (2016), URL
https://doi.org/10.1038/nmat4788.
3 D. Kong and Y. Cui, Nature Chemistry 3, 845 (2011),
ISSN 1755-4349, URL https://doi.org/10.1038/nchem.
1171.
4 X. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov,
Phys. Rev. B 83, 205101 (2011), URL https://link.aps.
org/doi/10.1103/PhysRevB.83.205101.
5 H. Weng, X. Dai, and Z. Fang, Journal of Physics: Con-
densed Matter 28, 303001 (2016), URL https://doi.org/
10.1088%2F0953-8984%2F28%2F30%2F303001.
6 Y. Kim, B. J. Wieder, C. L. Kane, and A. M. Rappe, Phys.
Rev. Lett. 115, 036806 (2015), URL https://link.aps.
org/doi/10.1103/PhysRevLett.115.036806.
7 H. Gao, J. W. Venderbos, Y. Kim, and A. M.
Rappe, Annual Review of Materials Research 49,
153 (2019), https://doi.org/10.1146/annurev-matsci-
070218-010049, URL https://doi.org/10.1146/
annurev-matsci-070218-010049.
8 H. Weng, C. Fang, Z. Fang, B. A. Bernevig, and X. Dai,
Phys. Rev. X 5, 011029 (2015), URL https://link.aps.
org/doi/10.1103/PhysRevX.5.011029.
9 B. Bradlyn, J. Cano, Z. Wang, M. G.
Vergniory, C. Felser, R. J. Cava, and B. A.
Bernevig, Science 353 (2016), ISSN 0036-8075,
8https://science.sciencemag.org/content/353/6299/aaf5037.full.pdf,
URL https://science.sciencemag.org/content/353/
6299/aaf5037.
10 J. B. He, D. Chen, W. L. Zhu, S. Zhang, L. X.
Zhao, Z. A. Ren, and G. F. Chen, Phys. Rev. B
95, 195165 (2017), URL https://link.aps.org/doi/10.
1103/PhysRevB.95.195165.
11 H. Weng, C. Fang, Z. Fang, and X. Dai, Phys. Rev. B
93, 241202 (2016), URL https://link.aps.org/doi/10.
1103/PhysRevB.93.241202.
12 H. Gao, Y. Kim, J. W. F. Venderbos, C. L. Kane,
E. J. Mele, A. M. Rappe, and W. Ren, Phys. Rev. Lett.
121, 106404 (2018), URL https://link.aps.org/doi/
10.1103/PhysRevLett.121.106404.
13 C. Chen, S.-S. Wang, L. Liu, Z.-M. Yu, X.-L. Sheng,
Z. Chen, and S. A. Yang, Phys. Rev. Materials
1, 044201 (2017), URL https://link.aps.org/doi/10.
1103/PhysRevMaterials.1.044201.
14 S. M. Young, S. Zaheer, J. C. Y. Teo, C. L. Kane,
E. J. Mele, and A. M. Rappe, Phys. Rev. Lett.
108, 140405 (2012), URL https://link.aps.org/doi/
10.1103/PhysRevLett.108.140405.
15 B.-J. Yang and N. Nagaosa, Nature Communications 5,
4898 (2014), ISSN 2041-1723, URL https://doi.org/10.
1038/ncomms5898.
16 S. Mardanya, B. Singh, S.-M. Huang, T.-R. Chang, C. Su,
H. Lin, A. Agarwal, and A. Bansil, Phys. Rev. Materials
3, 071201 (2019), URL https://link.aps.org/doi/10.
1103/PhysRevMaterials.3.071201.
17 A. A. Burkov, M. D. Hook, and L. Balents, Phys. Rev. B
84, 235126 (2011), URL https://link.aps.org/doi/10.
1103/PhysRevB.84.235126.
18 J. Xu, N. J. Ghimire, J. S. Jiang, Z. L. Xiao, A. S. Botana,
Y. L. Wang, Y. Hao, J. E. Pearson, and W. K. Kwok, Phys.
Rev. B 96, 075159 (2017), URL https://link.aps.org/
doi/10.1103/PhysRevB.96.075159.
19 M. Matin, R. Mondal, N. Barman, A. Thamizhavel, and
S. K. Dhar, Phys. Rev. B 97, 205130 (2018), URL https:
//link.aps.org/doi/10.1103/PhysRevB.97.205130.
20 O. Pavlosiuk, D. Kaczorowski, X. Fabreges, A. Gukasov,
and P. Wisniewski, Scientific reports 6, 18797 (2016), ISSN
2045-2322, 26728755[pmid], URL https://www.ncbi.nlm.
nih.gov/pubmed/26728755.
21 H.-T. He, G. Wang, T. Zhang, I.-K. Sou, G. K. L. Wong,
J.-N. Wang, H.-Z. Lu, S.-Q. Shen, and F.-C. Zhang, Phys.
Rev. Lett. 106, 166805 (2011), URL https://link.aps.
org/doi/10.1103/PhysRevLett.106.166805.
22 M. Liu, J. Zhang, C.-Z. Chang, Z. Zhang, X. Feng, K. Li,
K. He, L.-l. Wang, X. Chen, X. Dai, et al., Phys. Rev.
Lett. 108, 036805 (2012), URL https://link.aps.org/
doi/10.1103/PhysRevLett.108.036805.
23 K. Kang, T. Li, E. Sohn, J. Shan, and K. F. Mak, Nature
Materials 18, 324 (2019), ISSN 1476-4660, URL https:
//doi.org/10.1038/s41563-019-0294-7.
24 X. Huang, L. Zhao, Y. Long, P. Wang, D. Chen, Z. Yang,
H. Liang, M. Xue, H. Weng, Z. Fang, et al., Phys. Rev. X
5, 031023 (2015), URL https://link.aps.org/doi/10.
1103/PhysRevX.5.031023.
25 G. Chang, B. J. Wieder, F. Schindler, D. S. Sanchez,
I. Belopolski, S.-M. Huang, B. Singh, D. Wu, T.-R.
Chang, T. Neupert, et al., Nature Materials 17, 978
(2018), ISSN 1476-4660, URL https://doi.org/10.1038/
s41563-018-0169-3.
26 R. Li, H. Ma, X. Cheng, S. Wang, D. Li, Z. Zhang,
Y. Li, and X.-Q. Chen, Phys. Rev. Lett. 117,
096401 (2016), URL https://link.aps.org/doi/10.
1103/PhysRevLett.117.096401.
27 T.-R. Chang, I. Pletikosic, T. Kong, G. Bian, A. Huang,
J. Denlinger, S. K. Kushwaha, B. Sinkovic, H.-T. Jeng,
T. Valla, et al., Advanced Science 6, 1800897 (2019),
https://onlinelibrary.wiley.com/doi/pdf/10.1002/advs.201800897,
URL https://onlinelibrary.wiley.com/doi/abs/10.
1002/advs.201800897.
28 G. Bian, T.-R. Chang, R. Sankar, S.-Y. Xu, H. Zheng,
T. Neupert, C.-K. Chiu, S.-M. Huang, G. Chang,
I. Belopolski, et al., Nature Communications 7, 10556
(2016), ISSN 2041-1723, URL https://doi.org/10.1038/
ncomms10556.
29 M. S. Lodge, G. Chang, C.-Y. Huang, B. Singh,
J. Hellerstedt, M. T. Edmonds, D. Kaczorowski,
M. M. Hosen, M. Neupane, H. Lin, et al.,
Nano Letters 17, 7213 (2017), pMID: 29110492,
https://doi.org/10.1021/acs.nanolett.7b02307, URL
https://doi.org/10.1021/acs.nanolett.7b02307.
30 L. M. Schoop, M. N. Ali, C. Straßer, A. Topp,
A. Varykhalov, D. Marchenko, V. Duppel, S. S. P. Parkin,
B. V. Lotsch, and C. R. Ast, Nature Communications 7,
11696 (2016), ISSN 2041-1723, URL https://doi.org/
10.1038/ncomms11696.
31 J. Nayak, N. Kumar, S.-C. Wu, C. Shekhar, J. Fink,
E. D. L. Rienks, G. H. Fecher, Y. Sun, and C. Felser, Jour-
nal of Physics: Condensed Matter 30, 045501 (2018), URL
https://doi.org/10.1088%2F1361-648x%2Faaa1cd.
32 H. Liu, S. Liu, Y. Yi, H. He, and J. Wang, 2D Mate-
rials 2, 045002 (2015), URL https://doi.org/10.1088%
2F2053-1583%2F2%2F4%2F045002.
33 H.-Z. Lu and S.-Q. Shen, in Spintronics VII, edited by
H.-J. Drouhin, J.-E. Wegrowe, and M. Razeghi, Interna-
tional Society for Optics and Photonics (SPIE, 2014), vol.
9167, pp. 263 – 273, URL https://doi.org/10.1117/12.
2063426.
34 G. Xu, W. Wang, X. Zhang, Y. Du, E. Liu, S. Wang,
G. Wu, Z. Liu, and X. X. Zhang, Scientific Reports 4,
5709 EP (2014), article, URL https://doi.org/10.1038/
srep05709.
35 S. Datta, Electronic Transport in Mesoscopic Systems,
Cambridge Studies in Semiconductor Physics and Mi-
croelectronic Engineering (Cambridge University Press,
1995).
36 K. Shrestha, M. Chou, D. Graf, H. D. Yang, B. Lorenz, and
C. W. Chu, Phys. Rev. B 95, 195113 (2017), URL https:
//link.aps.org/doi/10.1103/PhysRevB.95.195113.
37 A. Laha, S. Malick, R. Singha, P. Mandal, P. Ram-
babu, V. Kanchana, and Z. Hossain, Phys. Rev. B
99, 241102 (2019), URL https://link.aps.org/doi/10.
1103/PhysRevB.99.241102.
38 P. Hohenberg and W. Kohn, Phys. Rev. 136, B864
(1964), URL https://link.aps.org/doi/10.1103/
PhysRev.136.B864.
39 G. Kresse and J. Furthmu¨ller, Phys. Rev. B 54,
11169 (1996), URL http://link.aps.org/doi/10.1103/
PhysRevB.54.11169.
40 G. Kresse and D. Joubert, Phys. Rev. B 59, 1758 (1999),
URL http://link.aps.org/doi/10.1103/PhysRevB.59.
1758.
41 J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev.
Lett. 77, 3865 (1996), URL https://link.aps.org/doi/
910.1103/PhysRevLett.77.3865.
42 N. Marzari and D. Vanderbilt, Phys. Rev. B 56,
12847 (1997), URL https://link.aps.org/doi/10.1103/
PhysRevB.56.12847.
43 Q. Wu, S. Zhang, H.-F. Song, M. Troyer, and A. A.
Soluyanov, Comput. Phys. Commun.s 224, 405 (2018),
ISSN 0010-4655, URL http://www.sciencedirect.com/
science/article/pii/S0010465517303442.
44 H. M. Rietveld, Journal of Applied Crystallogra-
phy 2, 65 (1969), URL https://doi.org/10.1107/
S0021889869006558.
45 J. Rodriguez-Carvajal, in satellite meeting on powder
diffraction of the XV congress of the IUCr (Toulouse,
France], 1990), vol. 127.
46 Z.-M. Sun, J.-Y. Xie, D.-C. Pan, and J.-G. Mao,
Journal of Alloys and Compounds 430, 71 (2007),
ISSN 0925-8388, URL http://www.sciencedirect.com/
science/article/pii/S0925838806004889.
47 F. Merlo, M. Pani, and M. Fornasini, Journal of Al-
loys and Compounds 221, 280 (1995), ISSN 0925-
8388, URL http://www.sciencedirect.com/science/
article/pii/0925838894014663.
48 C. Shekhar, A. K. Nayak, Y. Sun, M. Schmidt, M. Nicklas,
I. Leermakers, U. Zeitler, Y. Skourski, J. Wosnitza, Z. Liu,
et al., Nature Physics 11, 645 EP (2015), URL https:
//doi.org/10.1038/nphys3372.
49 T. Liang, Q. Gibson, M. N. Ali, M. Liu, R. J. Cava, and
N. P. Ong, Nature Materials 14, 280 EP (2014), URL
https://doi.org/10.1038/nmat4143.
50 J. G. Checkelsky, Y. S. Hor, M.-H. Liu, D.-X. Qu,
R. J. Cava, and N. P. Ong, Phys. Rev. Lett. 103,
246601 (2009), URL https://link.aps.org/doi/10.
1103/PhysRevLett.103.246601.
51 L. Bao, L. He, N. Meyer, X. Kou, P. Zhang, Z.-g. Chen,
A. V. Fedorov, J. Zou, T. M. Riedemann, T. A. Lograsso,
et al., Scientific Reports 2, 726 EP (2012), article, URL
https://doi.org/10.1038/srep00726.
52 O. Pavlosiuk, D. Kaczorowski, and P. Wi´sniewski, Phys.
Rev. B 94, 035130 (2016), URL https://link.aps.org/
doi/10.1103/PhysRevB.94.035130.
53 Z. Hou, Y. Wang, E. Liu, H. Zhang, W. Wang, and
G. Wu, Applied Physics Letters 107, 202103 (2015),
https://doi.org/10.1063/1.4936179, URL https://doi.
org/10.1063/1.4936179.
54 G. Bergmann, Physics Reports 107, 1 (1984), ISSN 0370-
1573, URL http://www.sciencedirect.com/science/
article/pii/0370157384901030.
55 B. A. Assaf, T. Cardinal, P. Wei, F. Katmis, J. S. Mood-
era, and D. Heiman, Applied Physics Letters 102, 012102
(2013), https://doi.org/10.1063/1.4773207, URL https:
//doi.org/10.1063/1.4773207.
56 S. Hikami, A. I. Larkin, and Y. Nagaoka, Progress
of Theoretical Physics 63, 707 (1980), ISSN
0033-068X, http://oup.prod.sis.lan/ptp/article-
pdf/63/2/707/5336056/63-2-707.pdf, URL https:
//doi.org/10.1143/PTP.63.707.
57 J. J. Lin and J. P. Bird, Journal of Physics: Condensed
Matter 14, R501 (2002), URL https://doi.org/10.1088%
2F0953-8984%2F14%2F18%2F201.
58 W. Chen, H.-Z. Lu, and O. Zilberberg, Phys. Rev. Lett.
122, 196603 (2019), URL https://link.aps.org/doi/
10.1103/PhysRevLett.122.196603.
59 H.-J. Kim, K.-S. Kim, J.-F. Wang, M. Sasaki, N. Satoh,
A. Ohnishi, M. Kitaura, M. Yang, and L. Li, Phys. Rev.
Lett. 111, 246603 (2013), URL https://link.aps.org/
doi/10.1103/PhysRevLett.111.246603.
60 J. Chen, H. Li, B. Ding, Z. Hou, E. Liu, X. Xi,
H. Zhang, G. Wu, and W. Wang, Journal of Al-
loys and Compounds 784, 822 (2019), ISSN 0925-
8388, URL http://www.sciencedirect.com/science/
article/pii/S0925838819301367.
61 Y. Okamoto, T. Inohara, A. Yamakage, Y. Yamakawa, and
K. Takenaka, Journal of the Physical Society of Japan 85,
123701 (2016), https://doi.org/10.7566/JPSJ.85.123701,
URL https://doi.org/10.7566/JPSJ.85.123701.
